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(54) Cooling structure for multi-chip module 

(57) A cooling structure for a multi-chip module in- 
cludes a multi-chip module, a fan-built-in heat sink, a 
cooling fan, and openings. In the multi-chip module, a 
plurality of chips are mounted on a wiring board. The 
heat sink has a bottom plate and is arranged above the 



multi-chip module. The cooling fan is arranged in an up- 
per portion of the heat sink to cool the multi-chip module. 
The openings are formed in a bottom plate of the heat 
sink to supply air from the cooling fan to the multi-chip 
module. 
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Description 

Background of the Invention 

The present invention relates to a cooling structure 
for a multi-chip module and, more particularly, to a cool- 
ing structure for a multi-chip module on which a micro- 
processor and cache memory devices having a large 
power consumption are mounted. 

Conventionally, in a multi-chip module in which a 
microprocessor and a plurality of cache memory devic- 
es are mounted on a wiring board, the power consump- 
tion of the microprocessor and cache memory devices 
is comparatively small. Therefore, a general heat sink 
having a plate or pin type fins is attached to only the 
microprocessor, and is forcibly cooled by a cooling fan 
arranged in an equipment that uses the multi-chip mod- 
ule. 

As the semiconductor integrated circuit technology 
develops, the integration degree and operation speed 
of the microprocessor increase, and the power con- 
sumption also increases. As a result, if only forced cool- 
ing achieved by attaching the general heat sink is pro- 
vided, sufficiently high cooling performance cannot be 
obtained. 

In order to solve this problem, NIKKEI BYTE, No. 
155, pp. 150-151, September 1996 discloses a fan-buil- 
tin heat sink in which a compact cooling fan is directly 
attached to the heat sink to cool the heat sink by blowing 
air to its bottom plate. 

As shown in Fig. 5, a conventional cooling structure 
for a multi-chip module is constituted by a multi-chip 
module 1 8 and a fan-built-in heat sink 22. The multi-chip 
module 18 is constituted by a wiring board 19, and a 
microprocessor 20 and a plurality of cache memory de- 
vices 21 that are mounted on the wiring board 19. The 
fan-built-in heat sink 22 is attached to the upper portion 
of the microprocessor 20 mounted on the multi-chip 
module 18. 

The fan-built-in heat sink 22 is constituted by a heat 
sink 23 and a cooling fan 24. The flow of air generated 
upon rotation of the cooling fan 24 collides against the 
bottom surface of the heat sink 23 and flows out to the 
portion around the heat sink 23. Heat generated by the 
microprocessor 20 and transmitted to the heat sink 23 
is cooled by the flow of air generated by the cooling fan 
24. Heat generated by the cache memory devices 21 is 
cooled by natural convection, or is forcibly cooled by a 
cooling fan (not shown) separately arranged in the 
equipment that uses the multi-chip module 18. 

In the conventional cooling structure for the multi- 
chip module described above, as the power consump- 
tion of the microprocessor 20 increases, the fan-builtin 
heat sink 22 having a size to cover the cache memory 
devices 21 on the multi-chip module 18 becomes nec- 
essary. As a result, the flow of air on the cache memory 
devices 21 is blocked to degrade heat transfer from the 
cache memory devices 21. When the operating speed 



of the microprocessor 20 is to be increased, the operat- 
ing speed of the cache memory devices 21 must also 
be increased. Accordingly, as the power consumption 
of the microprocessor 20 increases, the power con- 
5 sumption of the cache memory devices 21 also increas- 
es. If the size of the fan-builtin heat sink.22 is increased, 
as described above, the cooling properties of the cache 
memory devices 21 are further degraded. 

In order to solve this problem, if the wind velocity in 
10 the equipment is increased by the cooling fan arranged 
in the equipment that uses the multi-chip module 18, 
thus cooling the cache memory devices 21 , the noise of 
the equipment is undesirably increased by the cooling 
fan. The conventional technique cannot thus cope with 
is an increase in power consumption of the microproces- 
sor 20 and cache memory devices 21 . 

Summary of the Invention 

It is an object of the present invention to provide a 
cooling structure for a multi-chip module which can ef- 
ficiently cool the cache memory devices in accordance 
with an increase in power consumption of the microproc- 
essor and cache memory devices. 

In order to achieve the above object, according to 
the present invention, there is provided a cooling struc- 
ture for a multi-chip module, comprising a multi-chip 
module in which a plurality of chips are mounted on a 
wiring board, a heat sink having a bottom plate and ar- 
ranged above the multi-chip module, a cooling fan ar- 
ranged in an upper portion of the heat sink to cool the 
multi-chip module, and openings formed in a bottom 
plate of the heat sink to supply air from the cooling fan 
to the multi-chip module. 

Brief Description of the Drawings 

Fig. 1 is a sectional view of a multi-chip module ac- 
cording to the first embodiment of the present in- 
vention; 

Fig. 2 is a plan view of the bottom plate shown in 
Fig. 1; 

Fig. 3 is a sectional view of a multi-chip module ac- 
cording to the second embodiment of the present 
invention; 

Fig. 4 is a plan view of the multi-chip module shown 
in Fig. 3; and 

Fig. 5 is a sectional view of a conventional multi- 
chip module. 

Description of the Preferred Embodiments 

The present invention will be described in detail with 
reference to the accompanying drawings. 

Fig. 1 shows a cooling structure for a multi-chip 
module according to the first embodiment of the present 
invention. Referring to Fig. 1, the cooling structure for 
the multi-chip module of this embodiment is constituted 
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by a multi-chip module 1 and a fan-built-in heat sink 6 
formed on the multi-chip module 1 and having openings 
12. 

The multi-chip module 1 is constituted by a wiring 
board 2, a microprocessor 3 mounted on the wiring 
board 2, and at least one cache memory device 4 
mounted on the wiring board 2 and arranged around the 
microprocessor 3. 

The microprocessor 3 is accommodated in a case 
(package) called a pin grid array in which input/output 
pins (not shown) are arranged on a ceramic or plastic 
board in a matrix. The microprocessor 3 is attached to 
the wiring board 2 with a socket 5. The socket 5 electri- 
cally connects the input/output pins of the case that ac- 
commodates the microprocessor 3 to the wiring board 
2 and facilitates mounting and removal of the microproc- 
essor 3. 

The fan-built-in heat sink 6 is constituted by a 
square bottom plate 7, a plurality of pin type fins 8, and 
a cooling fan 9. The bottom plate 7 is thermally connect- 
ed to the microprocessor 3. The pin type fins 8 are ar- 
ranged on the bottom plate 7 in a matrix. The cooling 
fan 9 is arranged to cover the portion above the fins 8. 
The fan-builtin heat sink 6 is smaller than the outer 
shape of the microprocessor 3 and extends to cover at 
least the upper portion of the cache memory device 4. 
As shown in Fig. 2, the plurality of slit-like openings 12 
each having a predetermined length are formed in the 
peripheral portion of the bottom plate 7 of the fan-builtin 
heat sink 6 to oppose the cache memory device 4. 

The bottom plate 7 and fins 8 of the fan-builtin heat 
sink 6 are integrally molded with a mold by using alumi- 
num as the material. The openings 1 2 are formed during 
molding of the bottom plate 7 by using the mold. 

The cooling fan 9 is constituted by a shaft portion 
9a and vanes 9b. The total diameter of the vanes 9b 
including the shaft portion 9a is substantially the same 
as the length of one side of the bottom plate 7. Namely, 
the cooling fan 9 is formed to blow wind to the entire 
surface of the bottom plate 7. A motor (not shown) is 
arranged in the shaft portion 9a of the cooling fan 9. The 
cooling fan 9 rotates as it is driven by this motor, and 
generates flow of air. 

How to attach the fan-builtin heat sink 6 to the multi- 
chip module 1 will be described. Referring to Fig. 1, the 
attaching structure of the fan-builtin heat sink 6 is con- 
stituted by screws 10, a press plate 11, and female 
threads formed in the bottom plate 7. 

The screws 10 extend through the press plate 11, 
the wiring board 2, and the socket 5 to threadably en- 
gage with the female threads (not shown) formed in the 
bottom plate 7 of the fan-builtin heat sink 6. This fixes 
the fan-builtin heat sink6tothe multi-chip module 1 such 
that the lower surface of the bottom plate 7 comes into 
contact with the upper surface of the microprocessor 3. 
An adhering member or spacing member having a high 
thermal conductivity may be interposed between the up- 
per surface of the microprocessor 3 and the lower sur-^ 



face of the bottom plate 7. The press plate 11 is arranged 
to prevent the wiring board 2 from being warped by the 
fastening force of the screws 10 when the fan-builtin 
heat sink 6 is attached to the multi-chip module 1 . 
s The cooling operation of the multi-chip module hav- 
ing the arrangement as described above will be de- 
scribed. When the cooling fan 9 is rotated, a flow of air 
toward the multi-chip module 1 is generated in the fan- 
builtin heat sink 6, as indicated by arrows A and B. Most 
of the flow of air from the cooling fan 9 collides against 
the bottom plate 7 to be switched, as indicated by the 
arrow A, and passes through the fins 8 and flows to the 
outside from the side surface of the fan-builtin heat sink 
6. 

As indicated by the arrow B, the remaining flow of 
air passes through the openings 12 of the bottom plate 
7 to collide against the cache memory device 4, and 
passes through the gap between the wiring board 2 and 
fan-builtin heat sink 6 to flow out to the portion around 
the multi-chip module 1. 

Heat generated by the microprocessor 3 and trans- 
mitted to the bottom plate 7 and the fins 8 is cooled by 
air (arrow A) that collides against the bottom plate 7, 
passes through the fins 8, and flows to the outside from 
the side surface of the fan-builtin heat sink 6. Mean- 
while, heat generated by the cache memory device 4 is 
cooled by air (arrow B) that passes through the openings 
12 of the bottom plate 7, directly collides against the 
cache memory device 4, and flows out. 

According to the embodiment described above, 
since the openings 12 are formed in the bottom plate 7 
of the fan-builtin heat sink 6 to correspond to the cache 
memory device 4, the cache memory device 4 can also 
be cooled by part of the flow of air generated by the cool- 
ing fan 9. As a result, in accordance with an increase in 
power consumption of the microprocessor 3, even if the 
fan-builtin heat sink 6 becomes large to cover the cache 
memory device 4 on the multi-chip module 1 , the cache 
memory device 4 can be cooled efficiently. 

The second embodiment of the present invention 
will be described with reference to Figs. 3 and 4. 

The characteristic feature of the second embodi- 
ment resides in that a fan-builtin heat sink is attached 
to a wiring board with attaching metal fixtures and 
springs. Except for this, the arrangement of the second 
embodiment is similar to that of the first embodiment. 
Therefore, the portions that are identical to those in the 
first embodiment are denoted by the same reference nu- 
merals, and a detailed description thereof will be omit- 
ted. 

Referring to Fig. 3, a microprocessor 3 is bonded to 
a wiring board 2 not by using a socket but by directly 
soldering the pins of a case (package) to the wiring 
board 2. For this reason, a fan-builtin heat sink 6 cannot 
be fixed to the wiring board 2 of a multi-chip module 1 
through a socket. Hence, as shown in Fig. 4, four attach- 
ing metal fixtures 18 are attached to the four corners of 
the wiring board 2 with screws 1 3 and nuts 14. 
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Each attaching metal fixture 18 is formed into a Z- 
shape, and its one end is fixed to the wiring board 2. The 
other end of the attaching metal fixture 1 8 is formed with 
an attaching hole (not shown), and is arranged above a 
bottom plate 7 of the fan-builtin heat sink 6. 

The bottom plate 7 of the fan-builtin heat sink 6 
which has openings 12 extends in four directions from 
its portions where fins 8 are formed, and female threads 
(not shown) are formed in the four corners of the bottom 
plate 7 to extend through it. Attaching screws 1 5 are in- 
serted in the attaching holes of the attaching metal fix- 
tures 18, and extend through coiled compression 
springs 1 6 tothreadably engage with the female threads 
of the bottom plate 7, thereby attaching the fan-builtin 
heat sink 6 to the multi-chip module 1 with the attaching 
metal fixtures 18. 

Stiffener 17 are arranged to prevent the wiring 
board 2 from being warped by the fastening force of the 
attaching screws 15 and the force of the compression 
springs 16 when the fan-builtin heat sink 6 is attached 
to the multi-chip module 1. 

According to the embodiment described above, 
since the attaching metal fixtures 1 8 are attached to the 
peripheral portion of the wiring board 2 of the multi-chip 
module 1 , they do not substantially influence the accom- 
modating properties and the degree of design freedom 
of the pattern wiring of the wiring board 2. Since the flex- 
ing amount of the compression springs 16 can be 
changed by fastening the attaching screws 1 5, the force 
for urging the fan-builtin heat sink 6 against the micro- 
processor 3 can be adjusted. 

In the embodiments described above, the slit-like 
openings 12 are formed in the bottom plate 7 of the fan- 
builtin heat sink 6. However, the present invention is not 
limited to this, and openings having various shapes, in- 
cluding notches, can be formed. For example, one or 
more round or elongated hole-like openings may be 
formed in the bottom plate 7 to correspond to the posi- 
tion of each slit-like opening 1 2. More specifically, a plu- 
rality of small round or elongated holes are formed in a 
row to correspond to the shape of each slit-like opening 
12, and rows each formed in this manner are arranged 
at the same interval as that of the slit-like openings 12. 
Since these holes can be formed by drilling or the like 
even after the fan-builtin heat sink 6 is molded, the man- 
ufacture is further facilitated. 

In the above embodiments, one microprocessor 3 
is arranged in the multi-chip module 1. However, the 
present invention can also be applied to a case wherein 
a plurality of microprocessors are arranged in the multi- 
chip module. At this time, one fan-builtin heat sink may 
be arranged for each of the plurality of microprocessors, 
or one fan-builtin heat sink may be arranged for the plu- 
rality of microprocessors. 

In the above embodiments, the bottom plate 7 and 
fins 8 of the fan-builtin heat sink 6 are integrally molded 
with a mold. However, the bottom plate 7 and fins 8 may 
be manufactured separately, and the fins 8 may be pro- 



vided to extend vertically on the bottom plate 7. The 
openings 1 2 may not be formed during molding, but may 
be formed by machining the bottom plate 7. 

In the above embodiments, the microprocessor 3 is 
5 accommodated in the pin grid array. However, the 
present invention is not limited to this, and a microproc- 
essor may be accommodated in a case (package) other 
than a pin grid array, i.e., a ball grid array (BGA) or a 
chip size package (CSP). 

As has been apparent from the above description, 
according to the present invention, the flow of air gen- 
erated by rotation of the cooling fan is divided into a flow 
for the microprocessor and a flow for the cache memory 
devices. Therefore, even if the size of the fan-builtin 
heat sink increases in accordance with an increase in 
power consumption of the microprocessor, so that the 
fan-builtin heat sink covers the cache memory device, 
the cache memory device can be cooled efficiently. 

Since the flexing amount of the springs is changed 
by fastening the attaching screws, the force for urging 
the fan-builtin heat sink against the microprocessor on 
the multi-chip module can be adjusted. 

Furthermore, since the attaching metal fixtures for 
the fan-builtin heat sink are attached at the peripheral 
portion of the wiring board, the accommodating area for 
the wiring pattern on the wiring board is not decreased, 
and the degree of design freedom of the wiring pattern 
is not limited. 



Claims 

1 . A cooling structure for a multi-chip module, charac- 
terized by comprising: 

a multi-chip module (1) in which a plurality of 
chips (3, 4) are mounted on a wiring board (2); 
a heat sink (6) having a bottom plate (7) and 
arranged above said multi-chip module; 
a cooling fan (9) arranged in an upper portion 
of said heat sink to cool said multi-chip module; 
and 

openings (12) formed in a bottom plate of said 
heat sink to supply air from said cooling fan to 
said multi-chip module. 

2. A structure according to claim 1 , wherein said open- 
ings are formed in a peripheral portion of said bot- 
tom plate of said heat sink. 

3. A structure according to claim 2, wherein 

said bottom plate of said heat sink is formed 
rectangular, and 

said openings are formed in at least one side 
of said bottom plate of said heat sink at a pre- 
determined interval. 
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4. A structure according to claim 1 , wherein said open- 
ings comprise at least one slit. 

5. A structu re according to claim 1 , wherein said open- 
ings comprise at least one hole. 



13. A structure according to claim 12, wherein each of 
said attaching members is Z-shaped and has one 
end fixed to said wiring board and the other end ar- 
ranged above said bottom plate of said heat sink, 
and 



6. A structure according to claim 1 , wherein said cool- 
ing fan has a diameter which is substantially equal 
to a diameter of said bottom plate of said heat sink. 

10 

7. A structure according to claim 1 , wherein 

said multi-chip module comprises a first semi- 
conductor chip (3) mounted on said wiring 
board and cooled by said heat sink, and a sec- is 
ond semiconductor chip (4) arranged close to 
said first semiconductor chip, and 
said bottom plate of said heat sink has a first 
region opposing an upper surface of said first 
semiconductor chip, and a second region op- 20 
posing an upper surface of said second semi- 
conductor chip and formed with said openings. 



said structure further comprises 
a screw (13) for threadably engaging with said 
bottom plate of said heat sink through a hole in 
the other end of each of said attaching mem- 
bers, and 

a coiled compression spring (16) fitted on said 
screw between the other end of each of said 
attaching members and said bottom plate of 
said heat sink. 

14. A structure according to claim 12, wherein 

said wiring board is formed rectangular, and 
one end of each of said attaching members is 
fixed to a corresponding one of four corners of 
said wiring board. 



8. A structu re according to claim 7, wherein said open- 
ings formed in said second region of said bottom 25 
plate of said heat sink oppose part of said upper 
surface of said second semiconductor chip. 

9. A structure according to claim 7, wherein said heat 
sink is thermally connected to said upper surface of 30 
said first semiconductor chip. 

10. A structure according to claim 7, wherein 

said first semiconductor chip is a microproces- 35 
sor chip, and 

said second semiconductor chip is a cache 
memory device chip. 

1 1 . A structure according to claim 7, further comprising: 40 



a socket (5) which is mounted on said wiring ' 
board and through which said first semiconduc- 
tor chip is mounted and removed; 
a press plate (1 1 ) arranged on a lower surface *s 
of said wiring board to correspond to said sock- 
et; and 

a screw (10) extending through said press 
plate, said wiring board, and said socket to 
threadably engage with said bottom plate of so 
said heat sink, thereby attaching said heat sink 
to said multi-chip module. 



12. A structure according to claim 1, further comprising 
a plurality of attaching members (1 8) for directly at- ss 
taching said heat sink to a peripheral portion of said 
wiring board. 
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